Conference Report III
interaction between mechanicians and physicists around novel trends in theoretical and experimental investigations of correlations between mechanical behavior and straininduced structural transformations in polymeric materials. The following problems were discussed: (i) constitutive modeling and multi-scale analysis of structure sensitive deformation processes, (ii) physical origin of strain-induced structural transitions, (iii) structural studies of deformation-induced transformations in solid polymers, (iv) voiding, shear banding, crazing, (v) structure and ultimate properties of polymerbased materials. There were 63 contributions including 15 plenary lectures, 31 oral communications, and 17 posters reflecting recent achievements in the concerned problems. The presentations could be conditionally classified by the type of materials with structure sensitive response, i.e. semicrystalline polymers, polymer-based nano-composites, rubbers, amorphous polymers, glasses, and foam.
The Colloquium was opened by a plenary lecture of Prof. C. G'Sell (Nancy, France) on the significant influence of cavities induced by plastic deformation on macroscopic behaviour of solid polymers. The typology of cavitation was systemized in amorphous and semi-crystalline polymers. Different void classes as flat crazes in polymeric glasses, cavitation in semicrystalline polymers, decohesion at particle-matrix interface, tube-like cavities in highly drawn specimens, etc. were demonstrated and discussed in the view of dilatation processes. On the other hand, Prof. A. Galeski (Lodz, Poland) has emphasized in his plenary talk that the rolling with side constraint may be considered as an effective method for the cavity suppression in semicrystalline polymers. By the example of different types of commodity crystalline polymers he demonstrated that this technique is able to provide thick cross-section profiles with tensile strength exceeding one of steel. This lecture was completed by the oral communication of Prof. A. Galeski et al. on orientation of polyoxymethylene subjected to the same mode of deformation. The structural and mechanical behavior of the gphase isotactic polypropylene subjected to the plane-strain compression was presented by Dr. E. Lezak et al. (Lodz, Poland) .
In the plenary lectures of Prof. A. Drozdov (Beer-Sheva, Israel) and Prof. G. Strobl (Freiburg, Germany) deformation behavior of semicrystalline polymers has been discussed. Prof. A. Drozdov has presented a new approach describing the cyclic deformations of semicrystalline polymers, thermoplastic elastomers and hybrid nanocomposites which was shown to provide a good fitting of experimental data for arbitrary mode of 3D small-strain deformations. From one's part, Prof. G. Strobl has emphasized that yield points of various polyethylenes associate with a drop in the stiffness rather than an onset of plastic flow and that their elasticity reaches a plateau at a temperature and crystallinity invariant critical strain. These peculiarities are shown to be treated by splitting the overall stress to three independent parts: rubber-like forces originating from the amorphous phase, forces transmitted by the crystalline skeleton, and viscous forces. Adjustment of the measured data to this model was shown to allow an analysis of temperature and crystallinity effects. The similar problem was considered in the oral presentation of Prof. S. Patlazhan and Prof. Y. Remond (Moscow, Russia and Strasbourg, France). It was reported on the successful modelling of the abnormally low strain rate sensitivity of semicrystalline polymers and strain recovering of semicrystalline polymers on the basis of spectrum of structural-plastic elements accounting for both plastic flow and structural transitions. Recent advances in the micromechanical modelling of deformation behaviour and microstructure evolution in semicrystalline polymers were presented in the plenary lecture of Prof. S. Ahzi (Strasbourg, France). The upper and the lower bound type models along with the self-consistent approach were considered as applied to simulation of crystallographic and morphological orientation of crystalline domains and molecular alignment in the amorphous phase caused by the large plastic deformation. This domain was also supplied by the interesting oral presentations of Dr. S. Castagnet et al. (Poitiers, France) about the origin of the "relaxed" state in semicrystalline polymers after loading and Dr. N. Billon (Sofia Antipolis, France) and Dr. A. Makradi with Prof. S. Ahzi (Strasbourg, France) that discussed the strain-induced crystallization and its influence on mechanical behavior of semicrystalline polymers above the glass transition temperature.
Prof. E.F. Oleinik (Moscow, Russia) has reviewed mechanisms of non-elastic and plastic deformations of various classes of polymer solids as crystals, glasses, and thermotropic LC rigid polyesters. Analyzing the energy stored during plastic deformation of the each polymer group, the author has revealed the liquid-like and the solid-like mechanisms governing plastic flow. Structural and kinetic origins of these mechanisms were discussed. This picture was amplified by experimental observations specified in the plenary lecture of Prof. M. Matsuo (Nara, Japan) who presented a manifold information on relaxation processes of polyethylene films and fibers with different degrees of molecular orientation and crystallinity measured by the dynamic mechanical relaxation, positron annihilation and 13 C NMR.
The essential problems of mechanics and physics of reinforced rubbers were elucidated in three plenary lectures of Prof. G. Heinrich (Dresden, Germany), Dr. M. Klüppel (Hanover, Germany), and Prof. T. Vilgis (Mainz, Germany). The first speaker has acquainted participants of the EUROMECH Colloquium on the research collaboration funded by the German Research Foundation between five physical and engineering institutes intending to gain a multi-scale understanding of the fracture process in the reinforced elastomeric blends. He provided an example of new methodology, based on the energetical characterisation and the configurational force approach, which is able to reveal an influence of intrinsic material parameters on the crack propagation. Dr. M. Klüppel presented comprehensive review on structure sensitive behavior of the reinforced rubbers based on the advanced concept of rubber elasticity together with a micro-mechanical model of stress-induced breakdown of filler clusters. The lecture focused on evaluation of stress softening and filler induced hysteresis along with description of their temperature dependences. Prof. T. Vilgis has underlined that reinforced materials represent a typical example for multi-scale physical problems. In his lecture, the theoretical aspects of the bound rubber phase in filled rubbers were discussed. The main accent was put on static and dynamic properties of chains localized at the heterogeneous surfaces.
Micromechanical effects of plastic yielding in macroscopically brittle amorphous polymers were presented in the plenary lecture of Prof. G.H. Michler (Halle, Germany). Using various microscopic methods, including scanning electron, transmission electron and atomic force microscopy, he demonstrated many examples of structurally modified polymers where the usually brittle polymer can be deformed to a high degree, yielding an enhanced toughness. Dr. M.A. Khaleel (Richland, USA) has combined an important scientific content on experiments and modeling of laminated nano-reinforced polymers along with the technological innovations in fabrication and optimization of automotive side windows. Morphology, mechanical, and physical properties of polymer-based composites were also discussed also in the oral communications of Prof. In the plenary lecture of Prof. L.E. Govaert (Eindhoven, Netherlands) the interesting results on 3D modelling enabling a quantitative analysis of localization followed by a short and a longterm failure were presented. Taking into account deformation and physical ageing kinetics, the speaker has shown simulation data for polycarbonate in static and dynamic loading. The physically based constitutive equation describing localization and strain hardening phenomena was considered in the oral communication of Dr. Rinaldi et al. (Villeurbanne, France) . In the plenary lecture of Prof. J.-M. Haudin (Sofia Antipolis, France), the substantial review on modelling of structure development of semicrystalline polymers during processing has been delivered. He informed on development of a general model allowing prediction of different morphological parameter under complex conditions encountered in polymer processing or injection moulding.
Physical aging and structural recovery of temperature-glasses and concentration glasses has been presented in the plenary lecture of Prof. G. McKenna. He reported that the glass created by jumping to a given final condition via a change in concentration is more stable than that formed by a change in temperature. In other words, the physical aging occurs more slowly and the structural recovery takes place over much longer times. The author has suggested that the two routes to glass formation result in different inherent structures. Mechanical properties of glassy amorphous polymers were also analyzed on molecular-scale level in the oral presentations of Prof. J.-L. Halary (Paris, France) and Dr. C.P. Buckley (Oxford, UK). The role of chain mobility and the molecular structure were underlined in these talks, respectively.
Unfortunately we could not illuminate all contributions in this short report. Generally, the informal discussions conducted in the Colloquium were very stimulating and fruitful. They reflected a common interest to the objectives and selected problems considered at the meeting. The full-scale papers presented at the EUROMECH Colloquium 487 will be published (based on the regular journal review procedure) in the special issue of Polymer Science A.
In the closing ceremony, Prof. S. Ahzi has announced the next meeting on the "Structure Sensitive Mechanics of Polymer Materials" which is going to be held in Marrakech (Morocco) 
